ABSTRACT. The conditions for oxidative condensation of 2-[(4-iodophenylimino)methyl]phenol (IPIMP) were studied with air and NaOCl as oxidants in an aqueous alkaline medium between 50 and 90 °C. Size exclusion chromatography (SEC) showed that the number-average molecular weight (Mn), weight-average molecular weight (Mw) and polydispersity index (PDI) values, respectively, were 1250, 1300 g mol -1 and 1.040 for oxidation with NaOCl and 2200, 2500 g mol -1 and 1.136 for oxidation by air. With the optimum reaction conditions, the yield of OIPIMP was found to be 67 % with NaOCl, and 29 % with air, as oxidant. The OIPIMP was characterized by 1 H-NMR, 13 C-NMR, FT-IR, UV-Vis and elemental analysis. Metal complexes of the oligomer were shown to be more thermally stable than OIPIMP itself.
INTRODUCTION
Oligophenols containing conjugated bonding and active hydroxyl groups have been studied for more than 60 years because of useful properties such as paramagnetism, semiconductivity, and electrochemical properties. Because of these properties, they are used to prepare composites having high thermal stability [1] , graphite materials, adhesives, epoxy oligomer and block copolymers, photoresists [2] , and materials which are antistatic [3] and flame resistant [4] [5] [6] . Schiff base polymers show anti-microbial activities against various bacteria, yeast and fungus [7, 8] . Oligophenols which have a high loading of a particular functional group may be used for removal of poisonous heavy metals in the industrial waste waters. Because of their use as sensors [9] , the synthesis of oligomer-metal complexes is very important in analytical and environmental chemistry. It seemed advantageous to attempt to design and prepare a polymerbound chelating ligand, which would be able to form complexes with a variety of transition metals and therefore have a large range of applications [10, 11] .
In this paper, we describe the effects of various reaction parameters on the preparation of oligo-2-[(4-iodophenylimino)methyl]phenol in order to determine the optimum reaction conditions. The IPIMP and OIPIMP were characterized by FT-IR, UV-Vis, 1 H-NMR, 13 C-NMR spectroscopy, elemental analysis and SEC. Oligomer-metal complexes were synthesized from the reactions of OIPIMP with Co(II), Ni(II) and Cu(II) acetates. The thermal stabilities of OIPIMP and its oligomer-metal complexes were studied by TG-DTA. 
EXPERIMENTAL Materials

Synthesis of oligo-2-[(4-iodophenylimino)methyl]phenol with NaOCl or air
OIPIMP was synthesized via oxidative polycondensation of IPIMP with a solution of NaOCl (30 %, in water) and air as oxidants (Scheme 1) [11] [12] [13] . The IPIMP (0.200 g, 6.2 x 10 -4 mol) was dissolved in an aqueous solution of KOH (0.140 g, 2.48 x 10 -3 mol, 0.2 mL) heated to 40 °C and NaOCl was added drop by drop over about 20 min. The reaction mixtures were stirred at various temperatures and durations (Table 1) . Alternatively, the air was passed into an aqueous solution of KOH (20 %) before passage through the reaction tube to prevent water loss in the reaction mixture and remove CO 2 ( Table 1 ). The mixture was neutralized with 2.48 x 10 -3 mol HCl (0.2 mL, 37 %) at room temperature. Unreacted monomer was separated from the reaction products by washing with MeOH. The mixture was filtered and washed with hot water (3 x 25 mL) to remove mineral salts and then dried in an oven at 105 °C. 
Syntheses of oligo-2-[(4-iodophenylimino)methyl]phenol-metal complexes
Characterization techniques
The Fourier transform infrared (FT-IR) and ultraviolet-visible (UV-Vis) spectra were obtained by use Perkin Elmer BX II and Perkin Elmer Lambda 25 instruments, and elemental analyses were with a Carlo Erba 1106 unit. The FT-IR spectra were recorded on KBr discs (4000-350 cm -1 ). UV-Vis spectra were recorded from solutions in methanol and DMSO. IPIMP and OIPIMP in DMSO-d 6 at 25 °C were characterized by 1 H-NMR and 13 C-NMR spectra (Bruker AC FT-NMR spectrometer operating at 400 and 100.6 MHz, respectively). Tetramethylsilane was used as internal standard. Thermal data were obtained by use of a Perkin Elmer Diamond Thermal Analysis system. TG-DTA measurements were made between 20-1000 °C (in N 2 , 10 °C/min). The number-average molecular weight (M n ), weight-average molecular weight (M w ) and polydispersity index (PDI) were determined by SEC (Shimadzu Co. Japan) with a Macherey-Nagel GmbH & Co. (Germany) (100 Å and 7 nm diameter loading material) 7.7 mm i.d. x 300 mm columns, DMF eluent (0.4 mL min -1 ), polystyrene standards and a refractive index detector.
RESULTS AND DISCUSSION
Conditions for synthesis of OIPIMP
Conditions for oxidative condensation of IPIMP with NaOCl in aqueous alkaline medium are given in Table 1 The electron-donor effect of azomethine group in 2-[(4-iodophenylimino)methyl]phenol appears to have facilitated the oxidation in alkaline medium by air and NaOCl. The brown color may suggest formation of phenoxy radicals. NaOCl is more reactive than air.
Solubility
The oxidative polycondensation products of IPIMP with NaOCl and air in aqueous alkaline medium were black solid powders. OIPIMP was soluble in H 2 SO 4 , THF, DMF, DMSO and acetone, poorly soluble in toluene, benzene and chlorinated solvents, such as CHCl 3 and CCl 4 and insoluble in aliphatic hydrocarbons such as heptane and hexane. OIPIMP formed oligomermetal complexes with Co
2+
, Ni 2+ and Cu 2+ acetates. These were insoluble in water at room temperature but soluble in DMSO.
Structure of OIPIMP
SEC measurements gave the values of number-average molecular weight (M n ) and weightaverage molecular weight (M w ) of OIPIMP by comparison with polystyrene as standard. When NaOCl was used as oxidant, M n , M w and PDI values of OIPIMP was found to be 1250, 1300 g mol -1 and 1.040, respectively. When the oxidant was air, M n , M w and PDI values of OIPIMP were 2200, 2500 g mol -1 and 1.136. The electronic spectra of IPIMP and OIPIMP were recorded in methanol. The K band is assigned to the -OH and azomethine groups of IPIMP were observed in 237 and 325 nm, respectively. The B and R bands of IPIMP were observed in 273 and 345 nm. The R band of the -CH=N group of IPIMP was observed in 345 nm. The K bands belonging to -OH and azomethine groups of OIPIMP were observed in 245 and 332 nm, respectively. The R band of the -CH=N group of OIPIMP was observed in 355 nm. In the oligomer-metal complexes, the low intensity bands in the 450-550 nm range are consistent with d→d transitions of the metal ions.
In order to identify the structures of IPIMP and OIPIMP, the 1 H-NMR and In independent work, a series of novel polyimide and poly (Schiff base) oligomers with azomethine [14] structures containing bithiazole rings was synthesized through polycondensation of some diamines with dianhydrides. All compounds had been characterized by FT-IR, elemental analysis and 1 H-NMR techniques and thermogravimetric analyses [15] .
Thermal analyses of compounds
DTA and TG analyses of IPIMP, OIPIMP, OIPIMP-Cu, OIPIMP-Ni and OIPIMP-Co compounds were made under an N 2 atmosphere in the temperature range 20-1000 °C and the results are given in Table 2 . Figures 1 and 2 show the DTA and TG traces for the IPIMP and OIPIMP. Degradation of OIPIMP started at 237 °C and proceeded rapidly between 250 and 400 °C. The weight loss at 1000 °C was 99 %. Exothermic and endothermic peaks of monomer and oligomer were observed at 128, 278 °C and 118 °C, respectively. From DTG analysis the T max values of monomer and oligomer were observed at 271 and 274 °C, respectively. It is seen that Figure 1 , monomer completely decomposed low a temperature such as 280 °C. 
CONCLUSIONS
We have shown that the oxidative condensation of IPIMP proceeds by attack at the ortho and para positions and that NaOCl is a better oxidant than air. The structures of IPIMP and OIPIMP were characterized by spectral analyses. When NaOCl and air were used as oxidant, the yields of OIPIMP were 67 % and 29 %, respectively. NaOCl was more reactive than air. The complexes of OIPIMP with copper, nickel and cobalt were stable through to temperature and thermal decomposition. Total weight loses of the complexes of OIPIMP with copper, nickel and cobalt were 66.2 %, 50.6 % and 64.7 %, respectively, at 1000 °C. The highest residue was with OIPIMP-Ni but the initial degradation temperature of OIPIMP-Co was higher than that of other complexes. The complexes of OIPIMP with copper, nickel and cobalt are more stable thermally than the oligomer itself.
